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Cdx genesCdx transcription factors are required for axial extension. Cdx genes are expressed in the posterior growth
zone, a region that supplies new cells for axial elongation. Cdx2+/−Cdx4−/− (Cdx2/4) mutant embryos show
abnormalities in axis elongation from E8.5, culminating in axial truncation at E10.5. These data raised the
possibility that the long-term axial progenitors of Cdx mutants are intrinsically impaired in their ability to
contribute to posterior growth. We investigated whether we could identify cell-autonomous defects of the
axial progenitor cells by grafting mutant cells into a wild type growth zone environment. We compared the
contribution of GFP labeled mutant and wild type progenitors grafted to unlabeled wild type recipients
subsequently cultured over the period during which Cdx2/4 defects emerge. Descendants of grafted cells were
scored for their contribution to differentiated tissues in the elongating axis and to the posterior growth zone.
No difference between the contribution of descendants from wild type and mutant grafted progenitors was
detected, indicating that rescue of the Cdx mutant progenitors by the wild type recipient growth zone is
provided non-cell autonomously. Recently, we showed that premature axial termination of Cdx mutants can
be partly rescued by stimulating canonical Wnt signaling in the posterior growth zone. Taken together with
the data shown here, this suggests that Cdx genes function to maintain a signaling-dependent niche for the
posterior axial progenitors.mental Biology and Stem Cell
ds. Fax: +31 30 2516464.
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Progenitors for trunk and tail tissues of the mouse embryo have
been localised in the primitive streak and adjacent territories and in
the node region at presomitic and early somite stages (Tam and
Beddington, 1987; Lawson et al., 1991; Wilson and Beddington, 1996;
Forlani et al., 2003; Cambray and Wilson, 2002; 2007). Some of these
progenitors, located at the border between the node and the anterior
primitive streak (NSB region) at early somite stages possess self-
renewing properties and behave as long-term axial progenitors for
somitic mesoderm and neural tube (Cambray and Wilson, 2002).
Elongation of the vertebrate anterior–posterior axis depends on
the progressive addition of new tissues from a “growth zone” at the
posterior end of the embryo. This region, in the primitive streak area
in mouse embryos up to E10.0, and thereafter in the tail bud, was
shown by grafting experiments to comprise the border region
between the node and anterior primitive streak, called the node-
streak border (NSB), and the epiblast adjacent to the anterior 4/5th of
the streak (Cambray and Wilson, 2002, 2007; Wilson et al., 2009).
These regions contribute neuroectoderm and mesoderm descendants
to the elongating axis, while maintaining self-renewing progenitors in
the chordoneural hinge (CNH, Gont et al., 1993) within the tail bud(Cambray and Wilson, 2002, 2007). Therefore, these progenitors are
called “long-term axial progenitors” (Wilson et al., 2009). Recently,
clonal analysis showed the existence of bipotent neuromesodermal
axial progenitors in the posterior part of the embryo throughout axial
elongation (Tzouanacou et al., 2009). These axial progenitors self-
renew and deliver descendants to the extending neuraxis and
mesoderm for an extensive period of time (Tzouanacou et al., 2009)
and are therefore probably equivalent to the long-term axial
progenitors deﬁned by grafting experiments.
Embryonic axial elongation by somite addition and neural tube
extension normally ceases at E13.5 (after formation of about 65
somites) in mice. Mutants affecting the Wnt and Fgf signaling
pathways (i.e. Wnt3a, Tcf1/Lef1, Tcf1/Tcf4, FgfR1, Takada et al., 1994;
Galceran et al., 2001; Gregorieff et al., 2004; Partanen et al., 1998)
undergo a premature arrest of posterior axial growth. Genes encoding
the Cdx transcription factors were also shown to be required for the
embryonic axis to extend to completion. Cdx mutations lead to
posterior axial truncations affecting all germ layers (van den Akker
et al., 2002; vanNes et al., 2006; Young et al., 2009; Savory et al., 2009).
Cdx2 plays a prevalent role in body axis elongation since loss of a single
allele leads to a slight posterior truncation,whereas a homozygous null
Cdx2 mutation results in arrest of axial extension beyond the level of
the forelimb bud (Chawengsaksophak et al., 1997, 2004; van den
Akker et al., 2002). Loss of Cdx1 and Cdx4 does not compromise axial
elongation even in double homozygous null mutants. Combining
mutant alleles of Cdx1 or Cdx4 with heterozygosity for Cdx2 increases
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contribute to axial growth. The Cdx2+/−Cdx4−/− allelic combination
(called from now on Cdx2/4) generates an axial truncation of
intermediate severity that we studied extensively (van Nes et al.,
2006; Young et al., 2009). Recently, the action of Cdx transcription
factors in stimulating axial growth at trunk levels was shown to be
exerted at least in part through the stimulation of canonical Wnt
signaling, since posterior gain of expression of Lef1 could partially
rescue the truncation phenotype of Cdx2/4 mutants (Young et al.,
2009). This genetic manipulation did not lead to a complete
restoration of posterior morphogenesis. Therefore, we set out to
investigate directly whether there was a cell-autonomous deﬁciency
in Cdx2/4 mutant axial progenitors to produce posterior axial
descendants by comparing the contribution of Cdx2/4 mutant
progenitors with wild type ones on grafting to wild type recipient
embryos and subsequent culture. We ﬁnd no evidence for defects in
either contribution to differentiated tissues or maintenance of
progenitors in the CNH and conclude that the effect of the Cdx
mutations on posterior axial growth can be compensated by signaling
from surrounding wild type tissue in the embryonic growth zone.
Materials and methods
Mice
All animals used in this work are of mixed C57BL6/J × CBA back-
ground. Donor embryos at E8.0 were recovered from Cdx2+/−GFP ×
Cdx4−/− crosses. The GFP transgene was described earlier (Hadjanto-
nakis et al., 1998).We used Cdx2+/−Cdx4−/−GFP embryos as donors of
Cdx2/4 mutant graft and Cdx2+/+Cdx4+/−GFP (Cdx4 heterozygotes)
embryos as controls since they exhibit no mutant phenotype re-
garding axis extension. Recipient embryos at E8.0 were recovered from
(C57BL/6J × CBA) F1 matings.
Graft dissection and preparation of recipient embryos
Embryos were dissected in M2 medium (Sigma-Aldrich) at room
temperature. Embryos that had 1–7 pairs of somites and a clearly
visible node and primitive streak were used as graft donors. A piece of
tissue containing the NSB zone was microdissected using ﬁne glass
needles as described previously (Cambray andWilson, 2002). The size
of the graft was approximately 200 μmwide and 500 μm long (Fig. S1)
and contained on average 186 cells. The remaining embryonic tissue
was used for genotyping. Recipient wild type embryos were stage
matched with graft donor embryos to within 3 somite pairs.
Tissue transplantation and embryo culture
Homotopic, isochronic grafts were performed using a hand-drawn
capillary pipette as described before (Cambray and Wilson, 2002).
Brieﬂy, grafts were inserted into the NSB of the recipient embryo
without removing the host NSB area. After grafting, embryos were left
in medium for 15–30 min to recover. This ensured that the graft
would not fall out when the embryo was transferred to the culture
tube. During the recovery period, proper insertion of the graft at the
midline and at the correct anteroposterior (AP) position was
conﬁrmed by ﬂuorescencemicroscopic examination. Grafted embryos
were placed individually in 25 ml containers (Nunc) and incubated as
rolling cultures for 48 hours, as described by Cockroft (1990). The
culture medium consisted of 50% or 75% rat serum (respectively for
the ﬁrst and second day of culture) in DMEM (Sigma Aldrich or
Invitrogen) supplemented with nonessential amino acids, sodium
pyruvate and glutamine (Invitrogen). At the end of the culture period
embryos were ﬁxed in 4% paraformaldehyde overnight at 4 °C and
photographed. Somites were counted using a Leica MZ16FA micro-
scope with a DFC480 camera.Embryo analysis
Embryos were embedded in 4% low melting point agarose (FMC
BioProducts) and sectioned (200 μm sections) using a Vibratome.
Sections were stained with DAPI (Invitrogen) to visualize nuclei and
mounted on slides in Vectashield mounting medium (Dako). Sections
were analysed with a Confocal Laser Scanning Microscope using Leica
Application Suite software. GFP labeled cells were manually counted
on Z-stacks of the optical scans within the vibratome sections, using
the Adobe Photoshop counting tool. Statistical analysis was done
using the Mann–Whitney test.
Histology, immunohistochemistry and in situ hybridization
All embryos were ﬁxed in 4% PFA overnight at 4 °C, embedded in
parafﬁn and sectioned according to standard procedures. For the
antibody staining adjacent sections (6 μm) were placed on separate
slides to enable two different stainings at the time. Antibodies used
were as follows: mouse anti-GFP (1:200) Santa Cruz and mouse anti-
β-catenin (1:200) BD Sciences. Peroxidase conjugated secondary
antibodies used were Mouse EnVision+(DAKO). Signal was devel-
oped with 3,3′ diaminobenzidine (DAB, Sigma) and sections were
counterstained with hematoxylin. In situ hybridization was per-
formed as described previously (van Nes et al., 2006).
Results
Contribution of the posterior axial progenitors of Cdx2/4 mutants to
trunk and tail extension of wild type embryos
Cdx2 and Cdx4 are both expressed in the embryonic region
corresponding to the posterior growth zone, which is the primitive
streak and adjacent territories, and the node region (Figs. 1A and B;
Young et al., 2009). In Cdx2/4 mutants axial extension slows down
and ceases prematurely. A reduction in the length of presomitic
mesoderm (PSM) becomes visible at the 7- to 9-somite stage
(Figs. 1D–G), and the axis is truncated at a level just posterior to the
position of the hindlimb buds (Young et al., 2009). We isolated the
border region between node and streak (NSB) from GFP positive
Cdx2/4 mutant embryos at early somite stages, before the ﬁrst
manifestation of the truncation phenotype, and grafted this area into
the equivalent position of stage matched wild type embryos (Fig. S1).
Successfully grafted embryos were cultured in vitro for 48 hours.
Littermate Cdx4 heterozygote embryos were used as controls since
embryonic axis extension is not compromised in mice with this
genotype (van Nes et al., 2006). We determined the distribution of
GFP labeled descendants of the newly introduced axial progenitors
after 2 days of culture of the recipient embryo.
Recipient embryos developed normally during the 48 hours of in
vitro culture. In our experiments, embryos that receivedmutant grafts
(n=17) formed on average an additional 29.5 somites, and embryos
that received control grafts (n=14), 31 somites (Fig. S2). This minor
difference is statistically non signiﬁcant (p=0.215). We did not
observe any malformations of the posterior trunk or tail bud in
embryos grafted with Cdx2/4 mutant NSB after the 2-day culture
period. Overall, the contribution of grafts was in agreement with
results obtained previously (Cambray and Wilson, 2002, 2007). In
both types of embryos after culture, GFP grafts werewell incorporated
and their descendants were found in posterior embryonic tissues and
all along the anteroposterior axis with a rostral limit at the forelimb
level (Figs. 2A–F), as expected from the developmental stage at their
insertion time. Occasionally, clumps of tissue remained associated
with the graft site. This unincorporated tissue was not considered in
the quantiﬁcation of the graft contribution. We also observed
occasional anterior neural tube irregularities in embryos that received
both mutant and control grafts, probably resulting from a local
Fig. 1. Cdx expression and axial progenitors in the mouse embryo and phenotype of Cdx2/4 mutants. A and B, Expression of Cdx2 (A) and Cdx4 (B) in early somite embryos shown
after in situ hybridization. Both genes are expressed in the posterior of the embryo, in the primitive streak and the node area. C, Schematic representation of the progenitor
populations in the primitive streak area of an E8.0 embryo, contributing descendants to different types of mesoderm. The progenitor population within the node-streak border
(marked in purple) contributes descendants to two germ layers: neuroectoderm andmesoderm. D and E, Longitudinal section of the posterior part of a 19-somite wt (D) and a Cdx2/
4 mutant (E) showing the reduction in the presomitic mesoderm (PSM) length in the mutant. F and G, Phenotype of a 32-somite wild type (F) and Cdx2/4 mutant (G) embryo at
E10.0. Note that the Cdx2/4 mutant is posteriorly truncated. The tail bud is shorter and narrower than in wild type embryo. The distance between the last formed somite and the
caudal tip is marked with a dashed white line. PS, primitive streak; NSB, node-streak border; NT, neural tube; n, notochord; PSM, presomitic mesoderm; HG, hindgut; AL, allantois.
The bar in F and G indicates the level of the CNH.
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positive cells at these irregularities in the neural tube represent
descendants from the grafts at the insertion position, and they were
thus included in the analysis. We scored the contribution of grafted
cells to different tissues in the embryonic trunk along the AP axis after
culture (Table 1). A ﬁrst observation from scoring the GFP positive
axial descendants from the Cdx2/4 and control grafts made it clear
that the average numbers of descendants from mutant versus control
grafts were very similar, showing that the Cdx2/4 mutation does not
compromise overall proliferative ability in this context (Fig. 3).
Likewise, examination of the contribution to individual tissues
showed that both Cdx2/4 mutant and control grafts contributed
similarly to mesoderm (tail bud mesenchyme, presomitic mesoderm
and somites, and notochord) and neuroectoderm (neural tube)
(Figs. 2C–F and 3). These data indicate that the Cdx2/4 mutant axial
progenitor cells once grafted into a surrounding wild type environ-
ment, can contribute normally to posterior growth at axial levels and
in the temporal window where/when Cdx2/4 mutants in vivo are
deﬁcient, if grafted into a surrounding wild type environment.The self-renewing properties of the long-term posterior axial progenitors
are not affected by Cdx mutations
To determinewhether Cdx2/4mutant grafts show any depletion in
long-term progenitors in the CNH, the contribution of mutant and
control grafts in the CNH was examined. The contribution of mutant
and control grafts to the CNH was similar, both qualitatively (Figs. 2C
and D) and quantitatively (Fig. 3A). Thus the Cdx2/4 mutant and
control grafts maintain a similar self-renewing population of
progenitors in the posterior growth zone at E10.5. Cdx2/4 mutations
therefore do not impair the ability of posterior axial progenitors to
self-renew in the CNH in a wild type environment.
Cdx2/4 mutant progenitors contribute normally to posterior mesoderm
in wild type embryos whereas nascent mesoderm stops being generated
in Cdx2/4 mutants in vivo
The NSB grafting experiments directly challenge the properties
of the Cdx mutant axial progenitors transplanted into a proﬁcient
Fig. 2.Distribution of GFP labeled descendants from control and Cdx2/4mutant grafts in wild type recipients. A–F, Contribution of grafted NSB areas from control (A, C, E) and Cdx2/4
mutant (B, D, F) in wild type recipients. Panels A and B present whole mount view of grafted embryo (with control and Cdx2/4 mutant graft, respectively). Transplanted GFP cells
contribute to trunk and tail tissues caudally to the level of the forelimb. C and D, Representative posterior sections showing contribution of grafted GFP progenitors originating from
control and Cdx2/4mutants, at the level of the CNH in the recipient. Inserts show close-ups of the labeled areas. E and F, Sections at the level of the most anteriorly labeled somite,
showing the contribution of grafted GFP progenitors from control and mutant grafts, respectively, to the somites and neural tube. FLB, fore limb bud; NT, neural tube; CNH,
chordoneural hinge; S, somite.
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numbers of descendants in mesoderm and in neuroectoderm
(Fig. 3A). Altogether these observations show that tissue contribution
in general, and the ability of cells to remain as progenitors was
apparently unaffected by Cdx2/4 mutations. A clear manifestation of
the axial extension defect of Cdx2/4 mutants is the decrease in PSM
length after the 7-somite stage (Figs. 1D and E) to almost nothing atE10.5 (Young et al., 2009). We reasoned that if the Cdx mutant
progenitors were even slightly impaired in generating posterior
tissues, this would be reﬂected by a decrease in the relative
contribution of mutant progenitors at caudal levels (laid down late
and impaired in Cdx mutants in vivo), versus more anterior, forelimb
levels (laid down earlier and not affected in Cdx mutants in vivo). To
evaluate whether the Cdx2/4 mutant axial progenitors are
Table 1
Contribution of descendants of GFP cells in the posterior embryonic tissues of wild type recipients.
Control graft C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 Average
CNH 15 25 48 18 26 39 53 39 26 26 12 24 29.3
Neuroectoderm 74 19 53 91 212 60 4 115 138 202 304 144 118.0
Mesoderm 383 271 661 46 618 83 253 169 73 102 280 396 277.9
Endoderm 1 0 5 8 0 19 0 12 22 0 0 0 5.6
Total 473 315 767 163 856 201 310 335 259 330 596 564 430.8
Mutant graft M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 Average
CNH 20 26 45 13 59 21 17 56 27 19 53 27 34 12 30.6
Neuroectoderm 62 69 148 77 209 226 94 47 254 67 136 242 56 16 121.6
Mesoderm 373 206 129 242 488 265 154 327 405 30 367 358 228 162 266.7
Endoderm 0 8 0 0 0 0 4 15 2 0 23 32 22 1 7.6
Total 455 309 322 332 756 512 269 445 688 116 579 659 340 191 426.6
In each embryo, the total number of cells found in the neuroectoderm, mesoderm, and in the CHN was scored. Only embryos with GFP cells in the CNH area, neuroectoderm, and
mesoderm have been considered in this analysis.
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Total 430.8
Average cell contribution of graft 
descendants in wild type recipient embryos
Contribution of grafted cells
 in the posterior and anterior mesoderm
Fig. 3. Contribution of the control and mutant grafts to each germ layer of the recipients
and to the chordoneural hinge (CNH). A, The contribution of graft descendants to the
three germ layers is expressed as a percentage of the total number of graft descendants.
The average number of GFP cells contributing to the different tissues (see Table 1) is
very similar in embryos grafted with control and Cdx2/4mutant NSB. The contributions
in the CNH are also similar in both cases. We also normalized the contribution of each
graft in mesoderm and neuroectoderm for the total contribution of that graft. Again,
there was no signiﬁcant difference between control and mutant grafted embryos
(p value for mesoderm=0.997, for neuroectoderm=0.820). B, Quantiﬁcation of the
contribution of the mutant and control grafts to posterior and anterior mesoderm. The
numbers of graft descendants in posterior versus anterior mesoderm were scored for
mutant and control grafts. See text for the axial levels selected. The numbers have been
normalized for the total contribution of the graft. Error bars are standard deviations;
p values are 0.651 (posterior mesoderm) and 0.786 (anterior mesoderm).
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compared the mesoderm contribution of Cdx2/4 mutant grafts at
posterior versus anterior axial levels (Fig. 3B).
We scored the number of GFP labeled mesoderm descendants
from the grafts at a posterior level just anterior to the chordoneural
hinge after culture. This level is locatedwell behind the hindlimb buds
at this stage (see indication in Figs. 1F and G) and corresponds to the
caudal part of the axis, which is affected in the Cdx mutant embryos.
We also scored the number of GFP descendants close to the most
anterior axial level to which the graft contributed, thus behind the
forelimb buds, which is a level that is not affected by the Cdx
mutations. We compared the cell counts at these two axial levels for
mutant and wild type grafts. The relative contribution of the graft at
posterior compared with anterior levels was the same for wild type
and mutant grafts. We found that Cdx2/4 progenitors contributed
descendants to the posterior mesoderm to the same extent as control
progenitors (Fig. 3B and Table 2).
Taken together our data indicate that the defects in contribution to
mesoderm and neuroectoderm of the Cdx2/4 axial progenitors are
fully rescued after transplantation in a wild type environment.In search for a mechanism of axial growth stimulation by Cdx genes
Our earlier work had led us to propose a model according to
which Cdx2/4 control axial extension via the maintenance of
canonical Wnt signaling (Young et al., 2009). The expression
domains of Cdx2 and Wnt3a in the posterior growth zone between
E8.0 and E12.5 are very similar (Young et al., 2009). We had shown
that expression ofWnt3awas decreased in the posterior part of E9.0
Cdx mutant embryos and that a transgene with an activated form of
Lef1 improved extension of the axis in these mutants (Young et al.,
2009). The experiments described here above are in line with our
model since Cdx2/4 mutant grafts are rescued by signaling from
neighbor wild type cells. In addition, we show here that activated β-
catenin, a read out of Wnt response, accumulates in the nuclei of the
mutant graft that is rescued by the wild type surrounding (Fig. 4).
We analysed mutant and control grafts at the end of the culture
period, two days after insertion in the wild type recipient growth
zone for the presence of nuclear β-catenin. We observed that the
descendants of GFP labeled grafted mutant cells exhibit the same
nuclear β-catenin staining as the surrounding wild type recipient
CNH cells, as do the cells of a control graft (Figs. 4A–R). Therefore, the
Cdxmutant cells can respond to Wnt signaling if it is provided by the
surrounding cells. They are defective in the production of, but not the
response to Wnt signals.
Table 2
Normalized contribution of graft descendants to the posterior of the recipient embryo.
Control graft C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 Average
P 0.023 0.140 0.038 0.037 0.026 0.065 0.048 0.015 0.036 0.015 0.073 0.047
A 0.032 0.063 0.144 0.196 0.054 0.135 0.009 0.015 0.124 0.030 0.038 0.077
Mutant graft M1 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 Average
P 0.075 0.042 0.030 0.012 0.015 0.065 0.020 0.052 0.028 0.018 0.024 0.068 0.037
A 0.022 0.127 0.132 0.023 0.264 0.092 0.038 0.052 0.040 0.049 0.121 0.089 0.087
The number of GFP cells was scored in the presomitic mesoderm in the section anterior to that containing the CNH and normalized for the total graft contribution size. One embryo
grafted with the control graft and two embryos grafted with Cdx2/4 mutant graft were excluded from the analysis since they did not contain GFP cells in the section immediately
ﬂanking that with the CNH. P, posterior; A, anterior; CNH, chordoneural hinge.
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Cdx transcription factors are required for axial elongation (van
den Akker et al., 2002; Chawengsaksophak et al., 2004; van Nes etControl
a-GFP a-bCa
Cdx2/4
mutant 
graft
a-GFP a-bCa
A B C
F G
J K L
O P
Fig. 4. Localization of activated β-catenin in the CNH region of embryos grafted with wt and
grafted with control (A–I) and Cdx2/4mutant (J–R) NSB after 48 hours of culture. Consecutiv
catenin antibody to reveal the activation of the Wnt pathway in grafted cells in comparison t
control graft and K, L, O, and P for Cdx2/4 graft) GFP positive cells show similar levels of nu
anterior sections (D, E, H, and I for control graft andM, N, Q, and R for mutant graft), GFP pos
of β-catenin, which is not nuclear in these anterior tissues. White dashed line in panel A indi
in panels below (F–I and O–R, respectively). Dashed black lines on panels B and C, K and Lal., 2006; Young et al., 2009; Savory et al., 2009). Our recent study
showed that the premature axial termination of Cdx mutants can be
at least partly rescued by supplying canonical Wnt signals in the
posterior growth zone (Young et al., 2009). The partial character oftenin a-GFP a-bCatenin
tenin a-GFP a-bCatenin
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Cdx2/4mutant NSB. A–R, Analysis of GFP and β-catenin protein localization in embryos
e sections are stained with anti-GFP antibody to visualize graft descendants, and anti-β-
o the wild type CNH environment. In the CNH of both grafted embryos (B, C, F, and G for
clear β-catenin (arrowheads) as surrounding recipient wt CNH cells (arrows). In more
itive cells in the neural tube do not differ either from neighboring wt cells in localization
cates the tail bud outlines. Red squares in panels B–E and K–N show the areas magniﬁed
depict the CNH area. Scale bars: B–E and K–N, 200 μm; F–I and O–R, 100 μm.
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to exactly compensate for the deﬁcient Wnt signaling by mutant
Cdx. Alternatively, it might be due to the existence of a direct
impairment by the Cdx mutations of the long-term axial progenitors
themselves, in which case the defects of these progenitors would
not be completely cured by a proﬁcient niche in the growth zone.
The present study aimed at investigating whether we could identify
defects of the axial progenitor cells that would not be rescued by
being grafted to a wild type growth zone environment. Two main
properties of posterior axial progenitors were the same in Cdx2/4
mutants compared to wild types upon transplantation to a wild
type surrounding. On the one hand, the maintenance of similar
numbers of GFP labeled cells from both Cdx mutant and control
grafts in the CNH at the end of the culture period indicates that the
grafted progenitors kept on self-renewing in the wild type
environment. The self-renewing property, essential for the gener-
ation of nascent tissues during axial extension, and impaired in Cdx
mutants, is therefore compensated by the wild type context. On the
other hand, the contribution of mutant and control grafts to axial
tissues, and in particular to the posterior mesoderm known to be
strongly reduced in the Cdx2/4 mutants in vivo, is similar. This
indicates that there is no intrinsic impairment of the capacity of
mutant axial progenitors to supply differentiated descendants to
elongating axial structures, provided that these progenitors are in a
wild type environment.
Our previous work showed that the skeletal truncations in Cdx
mutants were partially rescued by a posterior gain of function of the
canonical Wnt signaling. The present analysis shows that Cdxmutant
axial progenitors can respond to Wnt signaling if it is provided by the
surrounding tissues. This establishes that the failure of posterior axial
progenitors to sustain axial growth in Cdx mutants can be compen-
sated by surrounding wild type signaling.
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